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(54) Separation of carbon monoxide from nitrogen-contaminated gaseous mixtures also 
containing hydrogen 



(57) Carbon monoxide is separated from a gaseous 
mixture (1) containing hydrogen and carbon monoxide 
and contaminated with nitrogen by partially condensing 
(H201 & H202) the mixture to provide a hydrogen-en- 
riched vapour feed fraction (5) and a carbon monoxide- 
enriched liquid feed fraction (3); separating nitrogen 
from carbon monoxide in said liquid fraction in a distil- 
lation column (V205) to provide nitrogen-freed liquid 
carbon monoxide bottoms (42) and nitrogen-enriched 
vapour overheads (43); condensing (H204) at least a 



portion of said overheads (43) against a recycle heat 
pump stream (34) derived from said gaseous mixture 
(1 ) and containing hydrogen and carbon monoxide; and 
returning at least a portion of said condensed overheads 
to said nitrogen-separation column (V205) as reflux. 
The recycle heat pump stream (34) usually is provided 
by condensation (H203) from the hydrogen-enriched 
vapour feed fraction (5) and/or by separation (V203) 
from the carbon monoxide-enriched liquid feed fraction 
(3). 
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Description 

[0001] The present invention relates to the separation 
of carbon monoxide ("CO") from gaseous mixtures con- 
taining hydrogen, carbon monoxide and nitrogen. It has 
particular, but not exclusive, application to the separa- 
tion of carbon monoxide from synthesis gas containing 
methane as well as hydrogen and carbon monoxide and 
contaminated with nitrogen. 

[0002] Carbon monoxide usually is obtained by sep- 
aration from synthesis gases produced by catalytic con- 
version or partial oxidation of natural gas, oils or other 
hydrocarbon feedstock. In addition to carbon monoxide, 
these gases contain primarily hydrogen and methane 
but are often contaminated with significant amounts of 
nitrogen (derived from the leed or added during 
processing). Conventional cryogenic separation 
processing leaves nitrogen as an impurity in the carbon 
monoxide, which, for both environmental and process- 
ing reasons, is unacceptable for some uses of carbon 
monoxide. The problem of nitrogen contamination of 
carbon monoxide product is becoming an increasing 
problem with the usage of more marginal feed stock in 
front end reforming processes. Accordingly, there is a 
demand for efficient and effective removal of contami- 
nant nitrogen from carbon monoxide product. 
[0003] It has been proposed in US-A-4,478,621 to 
overcome the problem by distilling nitrogen -contaminat- 
ed carbon monoxide in a distillation column using nitro- 
gen-freed carbon monoxide as a heat pump stream. In 
particular, nitrogen-freed carbon monoxide liquid bot- 
toms is withdrawn and cooled by expansion; at least a 
portion of the expanded stream is used to cool the ni- 
trogen-enriched overheads by indirect heat exchange; 
and a portion o\ the expanded stream is compressed 
and recycled to the column sump to provide reboil to the 
column. 

[0004] In a first illustrated embodiment (Figure 1) of 
US-A-4,478,621, synthesis gas feed is partially con- 
densed and the resultant two phase mixture fed to a 
wash column in which carbon monoxide is scrubbed 
from the vapour phase by contact with a liquid methane 
stream to provide CO-loaded methane containing 
some, typically 3-4%, hydrogen. A CO recycle heat 
pump stream provides intermediate indirect cooling to 
the wash column to remove the heat of solution of car- 
bon monoxide in methane. Residual hydrogen is re- 
moved from the CO-loaded methane in a stripping col- 
umn to meet the required carbon monoxide product 
specification. The hydrogen-stripped CO-loaded meth- 
ane is separated into nitrogen-contaminated carbon 
monoxide overheads vapour and methane-rich bottoms 
liquid in a methane-separation fractionation column in 
which both overheads cooling and bottoms reboil is in- 
directly provided by the CO recycle heat pump stream. 
Nitrogen is removed from the carbon monoxide over- 
heads in a nitrogen/CO fractionation column to provide 
CO product bottoms liquid. Overheads cooling to the ni- 



trogen/CO fractionation column is indirectly provided by 
expanded CO product bottoms liquid and bottom reboil 
is directly provided by the CO recycle heat pump stream. 
[0005] In a second illustrated embodiment (Figure 2) 

5 of US-A-4,478,621 , synthesis gas feed of low methane 
content is fed into an open refrigerant cooling cycle de- 
rived from partial condensation of the resultant mixed 
feed. The mixed feed is compressed, partially con- 
densed and then phase separated. The vapour phase 

10 from an initial phase separation is expanded to provide 
a hydrogen -rich product, a portion of which contributes 
to the refrigerant cooling cycle fluid. The liquid phase 
from the initial phase separation is degassed by expan- 
sion and subsequent phase separation. The expansion 

15 gas and a portion of the degassed liquid phase complete 
the refrigerant cooling cycle fluid. This fluid is warmed 
against process streams and added to the synthesis gas 
feed. The remainder of the degassed liquid is separated 
in a nitrogen/CO fractionation column to provide nitro- 

20 gen-enriched overheads and CO product as bottoms liq- 
uid. As in the first embodiment, overheads cooling to the 
nitrogen/CO fractionation column is indirectly provided 
by expanded CO product bottoms liquid and bottom re- 
boil is directly provided by a CO recycle heat pump 

25 stream. 

[0006] The nitrogen -freed carbon monoxide liquid 
bottoms expansion usually has a pressure drop of only 
1 to 2 Bar (100 to 200 kPa; 15 to 30 psi) because the 
stream is required to be subsequently warmed to ambi- 

30 ent temperature to provide feed to the recycle compres- 
sor, which compressor feed should be slightly higher 
than atmospheric pressure. It is possible to use a com- 
pressor with a suction pressure below atmospheric 
pressure to increase the available pressure difference 

35 but this would significantly increase construction costs 
because of the need to provide protection for the com- 
pressor. The pressure difference available during ex- 
pansion determines the extent of elevation of the liquid 
carbon monoxide level without the use of a pump. The 

40 difference can amount, for example, to about 12 metres 
at an expansion of 1 bar (100 kPa; 15 psi). If no addi- 
tional pump is used, the maximum height of the distilla- 
tion column is predetermined for each individual appli- 
cation. 

45 [0007] It has been found that the limitation on the 
height of the distillation column without the use of a 
pump can be avoided by use, as a recycle heat pump 
stream, of a mixture of hydrogen and carbon monoxide 
obtained from the synthesis gas feed. This recycle 

50 stream can provide both reboiler and condenser duty to 
the nitrogen-separation column. The utilization of a sin- 
gle low pressure H 2 /CO recycle system allows the nitro- 
gen/carbon monoxide separation to be efficiently inte- 
grated into synthesis gas separation. Compared with 

55 the second embodiment of US-A-4,478,621, the 
number of compressors required can be reduced (from 
two to one) because the presence of two separate heat 
pump cycles can be avoided. 
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[0008] GB-A-2297825 discloses the removal of nitro- 
gen from a natural gas feed stream by a cryogenic dis- 
tillation process in which the feed stream is separated 
in a distillation column to provide methane-rich bottoms 
liquid; nitrogen-rich overheads vapour and an interme- 
diate vapour stream. The methane-rich bottoms liquid 
is recovered as a methane-rich product, preferably after 
being pumped to increase its pressure. The nitrogen- 
rich overhead vapour is warmed in heat exchange with 
the intermediate vapour stream to at least partially con- 
dense said stream for return to the distillation column to 
provide reflux. A portion of the warmed nitrogen-rich 
overhead vapour is utilized as a recycle nitrogen-rich 
heat pump stream above the critical pressure of nitrogen 
to provide at least part of the reboil to the distillation col- 
umn and to produce a mixed vapour-liquid stream, 
which is returned to the distillation column to provide re- 
flux. 

[0009] According to a first aspect, the present inven- 
( tion provides a process for separating carbon monoxide 

from a gaseous mixture containing hydrogen, carbon 
monoxide and nitrogen comprising 

partially condensing the mixture to provide a hydro- 
gen-enriched vapour feed fraction and a carbon 
monoxide-enriched liquid feed fraction; 
separating nitrogen and carbon monoxide contents 
of said liquid fraction in a distillation column to pro- 
vide nitrogen-freed carbon monoxide liquid bottoms 
and nitrogen-enriched vapour overheads; 
condensing at least a portion of said overheads; 
and 

returning at least a portion of said condensed over- 
heads to said nitrogen-separation column as reflux, 
wherein said vapour overheads portion is con- 
densed by heat exchange against a recycle heat 
pump stream derived from said gaseous mixture 
and containing hydrogen and carbon monoxide. 

[0010] In a second aspect, the invention provides an 
apparatus for separating carbon monoxide from a gas- 
eous mixture containing hydrogen, carbon monoxide 
and nitrogen by a process of the first aspect, said appa- 
ratus comprising 

heat exchange means for partially condensing the 
gaseous mixture to provide a hydrogen-enriched 
vapour feed fraction and a carbon monoxide-en- 
riched liquid feed fraction; 

a distillation column for separating nitrogen and car- 
bon monoxide contents of said liquid fraction to pro- 
vide nitrogen-freed carbon monoxide liquid bottoms 
and nitrogen-enriched vapour overheads; 
heat pump means for recycling a stream derived 
from said gaseous mixture and containing hydro- 
gen and carbon monoxide; 

heat exchange means for condensing at least a por- 
tion of said overheads against said recycle heat 



pump stream; and 

conduit means for returning at least a portion of said 
condensed overheads to said nitrogen-separation 
column as reflux. 

5 

[001 1 ] The recycle heat pump stream can be provided 
by condensation from the hydrogen-enriched vapour 
feed fraction and/or by separation from the carbon mon- 
oxide-enriched liquid feed fraction. 

70 [0012] In one preferred embodiment, hydrogen is 
stripped from the carbon monoxide-enriched liquid feed 
fraction to provide a vapour fraction containing hydro- 
gen and a hydrogen-freed carbon monoxide liquid frac- 
tion; said (H2/CO) vapour fraction is fed to the recycle 

15 heat pump stream; and said hydrogen-freed carbon 
monoxide liquid fraction is fed to the nitrogen-separation 
column. The hydrogen suitably is stripped in a hydro- 
gen-separation column reboiled by return to said col- 
umn of a vaporized portion of the hydrogen -freed carbon 

20 monoxide liquid fraction. 

[001 3] When the gaseous mixture contains methane, 
the methane usually will be separated from the carbon 
monoxide-enriched liquid feed fraction upstream of the 
nitrogen-separation column. If the process includes the 

25 hydrogen stripping step, methane separation is con- 
ducted on the hydrogen-freed carbon monoxide liquid 
fraction. Preferably, methane is separated by distillation 
in a column refluxed with condensed overheads to pro- 
vide methane-enriched liquid bottoms and methane- 

30 freed vapour overheads. At least part of the methane- 
freed vapour overheads can be condensed against the 
recycle heat pump stream. Usually, only part of said con- 
densed methane-freed overheads is returned to the 
methane-separation column as reflux and the remain- 

35 der is fed to the nitrogen-separation column. 

[0014] When, as usual, the methane-containing feed 
to the methane-separation column is in the vapour 
phase, it is preferred that said column comprises a strip- 
ping section below the feed point of said vapour feed 

40 and is reboiled by partially vaporizing and returning, as 
a two phase mixture, liquid withdrawn from the bottom 
of said section. 

[0015] When, as usual, the nitrogen -containing feed 
to the nitrogen-separation column is in the liquid phase, 

45 it is preferred that said column is reboiled by partially 
vaporizing and returning, as a two phase mixture, liquid 
withdrawn from below the feed point of said liquid feed. 
[0016] Preferably, the heat pump includes warming 
recycle heat pump stream vapour by heat exchange 

50 against one or more process streams; compressing the 
warmed vapour; at least partially condensing the com- 
pressed vapour by heat exchange against one or more 
process streams; and vaporizing the resultant con- 
densed recycle fraction against the condensing vapour 

55 overheads from the nitrogen-separation column and, 
optionally, the methane-separation column (if present) 
to provide at least a portion of said recycle heat pump 
stream vapour. When the warmed compressed recycle 
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heat pump stream vapour is only partially condensed, 
the remaining vapour recycle traction can be partially 
condensed against one or more process streams to pro- 
vide an additional condensed recycle fraction which is 
separated from the still remaining vapour recycle frac- 
tion and warmed against one or more process streams 
to provide a portion of the recycle heat pump stream va- 
pour. A portion of the still remaining vapour recycle frac- 
tion can be added to the additional condensed recycle 
fraction to control the dew point of said condensed frac- 
tion. 

[0017] The hydrogen-enriched vapour feed fraction 
can be partially condensed against one or more process 
streams and the resultant additional condensed feed 
fraction separated from the resultant remaining vapour 
feed fraction and added to the additional condensed re- 
cycle fraction. An amount of the condensed recycle frac- 
tion equal to the amount of the additional condensed 
feed fraction added thereto can be removed from the 
recycle heat pump stream and added to the condensed 
feed fraction derived by partial condensation of the gas- 
eous mixture to maintain the mass balance of said 
stream. 

[0018] In order to provide refrigeration requirement for 
cold box heat leak and warm end temperature differ- 
ence, a portion of the compressed recycle heat pump 
stream can be expanded and recycled to the compres- 
sor feed. 

[0019] The following is a description, by way of exam- 
ple only and with reference to the accompanying draw- 
ing, of a presently preferred embodiment of the present 
invention. 

[0020] The single figure of the drawing is a process 
flow diagram for the separation into hydrogen, carbon 
monoxide and a fuel gas of synthesis gas containing hy- 
drogen, carbon monoxide and methane. 
[0021] Referring to the drawing, synthesis gas 1 pro- 
duced by partial oxidation of natural gas is supplied at 
a pressure of 20 to 40 Bara (2-4 MPa; 300-600 psia) 
and a temperature of 5°C to 45°C to a first main heat 
exchanger H201 . The synthesis gas typically contains 
44.1 mole percent hydrogen., 55.2 mole percent carbon 
monoxide, 0.5 mole percent methane and 0.2 mole per- 
cent nitrogen. Usually, the synthesis gas will have been 
conditioned in an upstream adsorber system (not 
shown) to remove contaminants, such as water and car- 
bon dioxide, which would freeze during the synthesis 
gas separation. 

[0022] The feed gas 1 is cooled and partially con- 
densed in a pair of main heat exchangers H201 & H202 
to a temperature of about -186°C and is then fed to a 
phase separator V201. The condensed fraction feed 3 
is fed through a liquid level control valve from the sep- 
arator V201 for admixture with a portion 7 of condensed 
Hg/CO recycle stream to provide feed 4 to a hydrogen 
removal column V203. The vapour fraction 5 from the 
separator V201 is cooled and partially condensed in a 
Cold End heat exchanger H203 to a temperature of 



about -202°C and then fed to a Cold End phase sepa- 
rator V202. 

[0023] The condensed fraction 6 from the separator 
V202 is fed through a liquid level control valve to a 

5 CO recycle stream 14 from a Cold End recycle phase 
separator V207 (described later) to form recycle stream 
24. An equivalent amount 7 to the condensed fraction 6 
is recovered from the liquid fraction 19 of a compressed 
H2/CO recycle stream 16 separated in a recycle stream 

0 phase separator V206 (described later) and fed through 
a liquid level control valve to the hydrogen removal col- 
umn V203. Optionally, a portion 9 of the vapour stream 
8 from the separator V202 is warmed by passage 
through the heat exchangers H203, H202 and H201 to 

fS provide a hydrogen product stream 1 0 at a pressure ap- 
proaching that of the feed gas 1 . The remaining portion 

11 of the vapour stream 8 is partially warmed in heat 
exchanger H203 and expanded through a valve 12 to 
gain J-T refrigeration credit and then mixed with a fuel 

?o gas stream 13 from phase separator V207. The valve 

12 can be replaced by an expansion machine in order 
to gain the refrigeration credit. When high pressure hy- 
drogen product stream 10 is not required, the portion 9 
of the vapour stream will not be removed and all of the 

25 vapour stream can be mixed with the fuel gas stream 1 3. 
[0024] The recycle stream 24 is vaporised and 
warmed in heat exchanger H203 to provide additional 
cold end refrigeration, mixed with Hg/CO recycle vapour 
stream 25 from the column overhead condenser system 

30 (described later) and warmed in heat exchanger H202. 
An expander outlet stream 18 (described later) is then 
added to the warmed stream and the total stream 27 is 
further warmed in heat exchanger H201 . This stream at 
a pressure of about 1.3 Bara (130 kPa; 19 psia) is fed 

35 to the suction end of compressor K202, which provides 
the overalt refrigeration balance for the cycle and heat 
pump duty of the separation columns V203, V204 and 
V205 (as described later). 

[0025] The compressor K202 provides a compressed 

40 H2/CO recycle stream 1 5 at a pressure of about 4.8 Bara 
(480 kPa;70 psia) and a temperature of about 38°C. The 
majority of this stream 15 is cooled in heat exchanger 
H201 to a temperature of about -158°C but a portion 17 
is extracted from the heat exchanger and expanded in 

45 expander K201 to provide the overall refrigeration re- 
quirement for cold box heat leak and warm end temper- 
ature difference. As previously mentioned, the expand- 
ed stream 18 (at a temperature of about -160°C) is re-, 
cycled to the compressor K202. 

50 [0026] The major portion 16 of the compressed recy- 
cle stream 15 is further cooled and partially condensed 
in heat exchanger H202 to a temperature of about 
-186°C. The vapour and liquid fractions of this recycle 
stream are separated in phase separator V206. As men- 

55 tioned previously, a portion 7 of the liquid fraction 19 
equivalent to that of the condensed fraction 6 from the 
Cold End separator V202 is fed with condensed feed 
stream 3 to the hydrogen removal column V203. The 
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major part 20 of the liquid fraction 19 is fed through a 
liquid level control valve to thermosyphon pot V209 to 
provide reflux duties to the CH 4 /CO separation column 
V204 and N^CO separation column V205. 
[0027] The vapour portion 21 from the separator V206 5 
is further cooled and partially condensed in heat ex- 
changer H203 to a temperature of about -202°C and 
then fed to phase separator V207. The condensed frac- 
tion 22 is removed through a liquid level control valve 
and mixed with a portion 23 of the vapour fraction from *o 
the separator V207 to provide the recycle stream 1 4 with 
which the condensed fraction 6 from separator V202 is 
mixed to form combined stream 24. The amount of the 
vapour fraction 23 is such as to provide the combined 
stream 24 with a temperature of about -204°C at a pres- f 5 
sure of about 1.7 Bara (170 kPa; 25 psia). 
[0028] The remaining vapour 28 from separator V207 
is reduced in pressure to provide a Cold End fuel gas 
stream 13 which is mixed with the let down hydrogen 
stream 11 and is warmed in heat exchanger H203. The 
warm stream is combined with vapour 45 from separator 
V208 (described later), warmed in heat exchanger 
H202, and then mixed with bottoms 38 from the CH 4 / 
CO separation column V204 to provide combined fuel 
gas stream 39. This combined stream 39 is warmed in 
heat exchanger H201 and leaves the separation plant 
at about 1.9 Bara (190 kPa; 28 psia). 
[0029] The feed 4 to the hydrogen removal column 
V203 is essentially liquid and is supplied to the top of 
the column above structured packing in the column. The 
column V203 operates at a pressure of about 2. 1 4 Bara 
(214 kPa; 31 psia)). 

[0030] As the liquid passes down the column, the hy- 
drogen content is stripped to provide a hydrogen-en- 
riched vapour overhead 26 and an essentially hydro- 
gen-free liquid bottoms 29. The overhead 26 is com- 
bined with vapour from the thermosyphon pot V209 to 
provide part 25 of the feed to the compressor K202. The 
liquid bottoms 29 is vaporised in heat exchanger H202 
and the majority 30 of the resultant vapour fed to the 
CH 4 /CO separation column V204. A portion 31 of the 
vaporised liquid bottoms 29 is returned to the hydrogen 
removal column V203 to provide reboil to the column. 
[0031] The vapour feed 30 enters the CH 4 /CO sepa- 
ration column V204 below a section of sieve trays. This 
column V204 operates at a pressure of about 2.07 Bara 
(207 kPa: 30.0 psia). As the vapour passes up through 
the trays, it is rectified by contact with reflux 32 to re- 
move methane. The overhead 33 from the column V204 
is totally condensed in heat exchanger H204 against a 
Hg/CO recycle stream 34 on thermosyphon from pot 
V209. The majority 35 of the condensed liquid is fed 
through a liquid level control valve to the N 2 /CO sepa- 
ration column V205 and the remainder 32 returned to 
the CH 4 /CO separation column V204 as reflux. 
[0032] The CH 4 /CO separation column V204 has a 
stripper section below the feed point of the vapour feed 
30 to minimise loss of carbon monoxide in the column 



bottoms. Liquid 36 is collected from the bottom tray of 
the stripper section, partially vaporised in heat exchang- 
er H202, and returned 37 to the sump of the column 
V204 to provide reboil to the column. The liquid bottoms 
38 are removed from the column V204 through a liquid 
level control valve and mixed with the combined fuel gas 
streams 11/13/45 downstream of the heat exchanger 
H202. 

[0033] The N^CO separation column V205 contains 
sieve trays and the liquid feed 35 enters near the middle 
of the column. As the liquid passes down the column, 
the nitrogen content is stripped to provide a nitrogen en- 
riched overhead vapour 43 and a carbon monoxide bot- 
toms product 42. Reboil to the column V205 is provided 
by partially vaporising in heat exchanger H202 liquid 40 
withdrawn from the bottom sieve tray and returning the 
resultant two phase mixture 41 to the sump of the col- 
umn V205. 

[0034] The N2/CO separation column V205 operates 
at a higher pressure than the CH 4 /CO separation col- 
umn V204 and accordingly a static head is maintained 
in the liquid feed 35 by a stand pipe arrangement on the 
condensed liquids from heat exchanger H204. 
[0035] The carbon monoxide product 42 is reduced in 
pressure through a liquid level control valve, then 
warmed in the heat exchangers H202 and H201 and 
supplied to the separation plant battery limit at about 1 .3 
Bara (130 kPa: 19 psia). 

[0036] The vapour overhead 43 from column V205 is 
partially condensed in heat exchanger H204 against the 
recycle stream 34 on thermosyphon from pot V209 and 
then fed to a phase separator V208. The condensed 
portion 44 is returned to the column V205 as reflux and 
the vapour fraction 45 is mixed with the Cold End fuel 
gas stream 11/13 and subsequently with the CH 4 /CO 
separation column bottoms 38 to provide the fuel gas 
product 39. 

[0037] It will be appreciated that the invention is not 
restricted to the particular details described above and 
that numerous modifications and variations can be 
made without departing from the scope of the invention 
as defined in the following claims. 



45 Claims 

1. A process for separating carbon monoxide from a 
gaseous mixture containing hydrogen, carbon mon- 
oxide and nitrogen comprising 

so 

partially condensing the mixture to provide a 
hydrogen -enriched vapour feed fraction and a 
carbon monoxide-enriched liquid feed fraction; 
separating nitrogen and carbon monoxide con- 
55 tents of said liquid fraction in a distillation col- 

umn to provide nitrogen-freed carbon monox- 
ide liquid bottoms and nitrogen-enriched va- 
pour overheads; 
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condensing at least a portion of said over- 
heads; and 

returning at least a portion of said condensed 
overheads to said nitrogen-separation column 
as reflux, characterized in that said vapour 
overheads portion is condensed by heat ex- 
change against a recycle heat pump stream de- 
rived from said gaseous mixture and containing 
hydrogen and carbon monoxide. 

2. A process as claimed in Claim 1 , wherein the recy- 
cle heat pump stream comprises a fraction contain- 
ing hydrogen and carbon monoxide which is con- 
densed from the hydrogen-enriched vapour feed 
fraction. 

3. A process as claimed in Claim 1 or Claim 2, wherein 
the recycle heat pump stream comprises a fraction 
containing hydrogen and carbon monoxide which is 
separated from the carbon monoxide-enriched liq- 
uid feed fraction. 

4. A process as claimed in Claim 3, wherein hydrogen 
is stripped from the carbon monoxide-enriched liq- 
uid feed fraction to provide a vapour fraction con- 
taining hydrogen and a hydrogen-freed carbon 
monoxide liquid fraction; said (H^CO) vapour frac- 
tion is fed tothe recycle heat pump stream; and said 
hydrogen-freed carbon monoxide liquid fraction is 
fed to the nitrogen-separation column. 

5. A process as claimed in Claim 4, wherein the hy- 
drogen is stripped in a hydrogen-separation column 
reboiled by return to said column of a vaporized por- 
tion of the hydrogen-freed carbon monoxide liquid 
fraction. 

6. A process as claimed in any one of Claims 1 to 3, 
wherein the gaseous mixture contains methane and 
methane is separated from the carbon monoxide- 
enriched liquid feed fraction upstream of the nitro- 
gen-separation column. 

7. A process as claimed in Claim 4 or Claim 5, wherein 
the gaseous mixture contains methane and meth- 
ane is separated from the hydrogen-freed carbon 
monoxide liquid fraction upstream of the nitrogen- 
separation column. 

8. A process as claimed in Claim 6 or Claim 7, wherein 
methane is separated by distillation in a column re- 
fluxed with condensed overheads to provide meth- 
ane-enriched liquid bottoms and methane-freed va- 
pour overheads. 

9. A process as claimed in Claim 8, wherein at least 
part of the methane-freed vapour overheads is con- 
densed against the recycle heat pump stream; part 



of said condensed methane-freed overheads is re- 
turned to the methane-separation column as reflux, 
and the remainder of said condensed methane- 
freed overheads is fed to the nitrogen -separation 
s column. 

10. A process as claimed in Claim 8 or Claim 9, wherein 
the methane-containing feed to the methane-sepa- 
ration column is in the vapour phase; said column 

io comprises a stripping section below the feed point 
of said vapour feed; and said column is reboiled by 
partially vaporizing and returning, as a two phase 
mixture, liquid withdrawn from the bottom of said 
section. 

15 

11. A process as claimed in any one of the preceding 
claims, wherein the nitrogen-containing feed to the 
nitrogen-separation column is in the liquid phase 
and said column is reboiled by partially vaporizing 

20 and returning, as a two phase mixture, liquid with- 
drawn from below the feed point of said liquid feed. 

12. A process as claimed in any one of the preceding 
claims, wherein recycle heat pump stream vapour 

25 is warmed by heat exchange against one or more 
process streams; compressed; at least partially 
condensed by heat exchange against one or more 
process streams; and the resultant condensed re- 
cycle fraction vaporized against the condensing va- 
30 pour overheads from the nitrogen-separation col- 
umn and, optionally, the methane-separation col- 
umn (if present) to provide at least a portion of said 
recycle heat pump stream vapour. 

35 13. A process as claimed in Claim 12, wherein the com- 
pressed recycle heat stream is only partially con- 
densed; the resultant vapour recycle fraction is par- 
tially condensed against one or more process 
streams to provide an additional condensed recycle 

^0 fraction which is separated from the still remaining 
vapour recycle fraction and warmed against one or 
more process streams to provide a portion of the 
recycle heat pump stream vapour. 

^5 14. A process as claimed in Claim 1 3, wherein a portion 
of the remaining vapour recycle fraction is added to 
the additional condensed recycle fraction to control 
the temperature of said condensed fraction. 

so 15. A process as claimed in Claim 13 or Claim 14, 
wherein the hydrogen-enriched vapour feed frac- 
tion is partially condensed against one or more 
process streams and the resultant additional con- 
densed feed fraction is separated from the resultant 
55 remaining vapour feed fraction and added to the ad- 
ditional condensed recycle fraction. 

16. A process as claimed in Claim 15, wherein an 
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amount of the condensed recycle fraction equal to 
the amount of the additional condensed feed frac- 
tion added thereto is added to the condensed feed 
fraction derived by partial condensation of the gas- 
eous mixture. 



1 7. A process as claimed in any one of Claims 1 2 to 1 6 
wherein a portion of the compressed recycle heat 
pump stream is expanded and recycled to the com- 
pressor feed. io 

18. An apparatus for separating carbon monoxide from 
a gaseous mixture containing hydrogen, carbon 
monoxide and nitrogen by a process as defined in 
Claim 1 , said apparatus comprising 15 



heat exchange means for partially condensing 
the gaseous mixture to provide a hydrogen-en- 
riched vapour feed Iraction and a carbon mon- 
{ oxide-enriched liquid feed fraction; 20 

a distillation column for separating nitrogen and 
carbon monoxide contents of said liquid frac- 
tion to provide nitrogen-freed carbon monoxide 
liquid bottoms and nitrogen-enriched vapour 
overheads; 25 
heat pump means for recycling a stream de- 
rived from said gaseous mixture and containing 
hydrogen and carbon monoxide; 
heat exchange means for condensing at least 
a portion of said overheads against said recycle 30 
heat pump stream; and 

conduit means for returning at least a portion 
of said condensed overheads to said nitrogen- 
separation column as reflux. 

35 

1 9. An apparatus as claimed in Claim 1 8, for conducting 
a process as claimed in any one of Claims 2 to 17. 
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